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Objective: As both premorbid neurode-
velopmental impairments and familial
risk factors for schizophrenia are promi-
nent in childhood-onset cases (with on-
set of psychosis by age 12), their rela-
tionship was examined.

Method: Premorbid language, motor,
and social impairments were assessed in
a cohort of 49 patients with childhood-
onset schizophrenia. Familial loading for
schizophrenia spectrum disorders, fa-
milial eye-tracking dysfunction, and ob-
stetrical complications were assessed
without knowledge of premorbid abnor-
malities and were compared in the pa-
tients with and without developmental
impairments.

Results: Over one-half of the patients in
this group had developmental dysfunc-
tion in each domain assessed. The pa-
tients with premorbid speech and lan-
guage impairments had higher familial
loading scores for schizophrenia spec-

trum disorders and more obstetrical
complications, and their relatives had
worse smooth-pursuit eye movements.
The boys had more premorbid motor
abnormalities, but early language and
social impairments did not differ signifi-
cantly between genders. There were no
other significant relationships between
premorbid social or motor abnormali-
ties and the risk factors assessed here.

Conclusions: Premorbid developmen-
tal impairments are common in child-
hood-onset schizophrenia. The rates of
three risk factors for schizophrenia (fa-
milial loading for schizophrenia spec-
trum disorders, familial eye-tracking dys-
function, and obstetrical complications)
were increased for the probands with
premorbid speech and language impair-
ments, suggesting that the pathophysiol-
ogy of schizophrenia involves the abnor-
mal development of language-related
brain regions.

(Am J Psychiatry 2000; 157:794-800)

C onsistent with the neurodevelopmental hypothesis
of schizophrenia (1, 2), premorbid dysfunction has been
well documented in patients with the disorder (3, 4).
Children and adolescents who later develop schizophre-
nia as adults have higher than expected rates of abnor-
mal speech and motor development, poorer social devel-
opment, lower intelligence, and worse educational
performance (5-12).

Aberrant neurodevelopment may be even more salient
in cases of schizophrenia with very early onsets (13).
Childhood-onset schizophrenia (onset of psychosis by age
12) is a severe illness that is clinically and neurobiologi-
cally continuous with the adult disorder (14, 15). Although
the rarity of childhood-onset schizophrenia has limited
studies of such patients’ premorbid development, there is
suggestive evidence that premorbid dysfunction may be
heightened in patients with a very early onset of the disor-
der. Kolvin and colleagues (16) reported a high rate of de-
velopmental delays (49%), largely involving language, and
premorbid “oddities” (mostly social withdrawal and isola-
tion) (87%) in a group of 33 patients who developed
schizophrenia between ages 5 and 15. Later studies (17—
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21) showed similarly high rates of speech and language,
motor, and social impairments in patients with child-
hood-onset schizophrenia. Taken together, these studies
suggest that the rate of early impairments in patients with
childhood-onset schizophrenia is higher than that for pa-
tients with an onset in adulthood (17-21).

In the current study we examined the relationship
between premorbid developmental characteristics of
patients with childhood-onset schizophrenia and famil-
ial and obstetrical risk factors for the disorder. Given
the preliminary evidence for high rates of premorbid
dysfunction and familial risk factors for schizophrenia
in these patients (15), we anticipated significant associa-
tions between inherited markers of risk for the disorder
(familial schizophrenia spectrum disorders and eye-
tracking dysfunction) and premorbid impairments. As
the rate of obstetrical complications does not seem to be
increased for patients with childhood-onset schizophre-
nia (22), we did not predict significant associations be-
tween premorbid dysfunction and pre- and perinatal
complications.
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Method

Subjects

Since 1991, 49 patients (29 boys, 20 girls) have participated in a
comprehensive study of childhood-onset schizophrenia (14). The
diagnosis of schizophrenia was made according to DSM-III-R cri-
teria with good reliability (kappa=0.77 [23]) by two child psychia-
trists using clinical and structured interviews, including the
Schedule for Affective Disorders and Schizophrenia for School-
Age Children—Present and Lifetime Version (24).

This study was approved by the Institutional Review Board of
the National Institute of Mental Health (NIMH). After complete
description of the study, written informed consent was obtained
from the parents or legal guardians of the subjects. All patients
gave written assent for their participation.

Assessment of Premorbid Development

In accord with the method of Hollis (20), case notes, including
the original pediatric, psychiatric, psychological, and educa-
tional assessments, were examined by one of the authors (S.S.),
blind to other risk factors, to determine the presence of premor-
bid speech and language, motor, and social impairments. To
limit the possibility of a recall bias, these premorbid reports
(completed by the relevant professional at the time of the origi-
nal assessment) were supplemented by parental recall only in
the rare instances in which it was needed to clarify or confirm a
premorbid abnormality.

The language abnormalities noted included articulation or
rhythm abnormalities, receptive language problems, or expres-
sive language dysfunction (including delayed milestones). The
motor impairments assessed were delayed milestones (not in-
cluded by Hollis [20] but included here on the basis of evidence
for delayed motor milestones in patients with schizophrenia [6]),
abnormal repetitive movements, and clumsiness or poor coordi-
nation. The evidence of premorbid social dysfunction included
abnormal peer relationships, isolation or withdrawal, and social
disinhibition.

Each broad area of impairment (language, motor, social) was
scored as present or absent. An abnormality was scored as
present only if it was mentioned as an area of concern in the pa-
tient’s record before the onset of the prodromal or psychotic
symptoms. For example, evidence of an expressive language ab-
normality could include the results of a speech pathology assess-
ment and a referral for speech therapy based on these results.
Similarly, clumsiness would be scored as present if teachers and/
or occupational therapists indicated that the child lacked coordi-
nation, and teachers’ comments that a child was isolated and
lacked friends would lead to a positive score for social isolation. A
subset of these records (N=12) was rated independently by two of
the authors (S.S., PG.) with good reliability (kappa=1.0, 0.82, and
0.82 for the presence of language, motor, and social abnormali-
ties, respectively).

Using this method, Hollis (20)demonstrated that patients with
an onset of schizophrenia before age 18 had more premorbid lan-
guage, motor, and social impairments than a matched group of
nonpsychotic psychiatric comparison subjects. In addition, the
patients whose schizophrenia began by age 13 had a higher rate
of premorbid language dysfunction than did the schizophrenic
patients with onsets between ages 14 and 17. Within the NIMH
group, 13 of the patients with childhood-onset schizophrenia had
undergone testing with the Wechsler Intelligence Scale for Chil-
dren (WISC) before the onset of their psychotic symptoms. Fur-
ther evidence of the validity of the measures of premorbid func-
tioning used here is the fact that the subjects rated by us as having
premorbid language impairments had a nonsignificant trend to-
ward lower raw scores on the language-related items (compre-
hension, similarities, and comprehension) of the WISC than did
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the subjects without premorbid language impairments (t=1.9, df=
11, p=0.08). As well, among the 47 patients in this cohort who
completed intelligence testing at the time of their entrance into
this study (two were unable to complete the testing because of
their clinical conditions), those determined to have premorbid
abnormalities of speech and language also had lower scores on
the same language-related WISC items (t=2.0, df=45, p=0.05).

Assessment of Risk Factors for Schizophrenia

Familial psychopathology. To assess the presence of schizo-
phrenia spectrum disorders (schizophrenia, schizoaffective dis-
order, schizotypal personality disorder, paranoid personality dis-
order), 132 (92.3%) of 143 first-degree relatives over age 5 were
interviewed by using the Schedule for Affective Disorders and
Schizophrenia (25) and the Structured Interview for DSM-1V Per-
sonality Disorders (26) (for relatives 18 years of age and over; N=
114) or the Diagnostic Interview for Children and Adolescents
(27) (for relatives under age 18; N=18). The remainder could not
be located (N=4), refused to participate (N=3), had a level of men-
tal retardation that precluded participation (N=3), or were de-
ceased (N=1). All interviews were done without knowledge of the
proband’s premorbid development.

To classify each proband’s level of familial loading for schizo-
phrenia spectrum disorders, the familial loading score devised by
Verdoux and colleagues (28) was used, although modifications
were made in order to take into account differences in this cohort.
As “affected relatives” were defined here as those with schizo-
phrenia spectrum disorders, the lifetime risks for the relatives of
probands with familial and sporadic illness were different from
those suggested in the original formula (28). On the basis of the
results of the Roscommon Family Study (29-31), we assumed the
lifetime risk for a relative of a proband with familial schizophrenia
to be 17% and that for a relative of a proband with sporadic
schizophrenia to be 3%. Given the fact that this cohort was se-
lected for very early onset, the age of risk was assumed to be 10 to
50 rather than the 15 to 50 suggested by Verdoux et al. (28). There-
fore, the ratio for the likelihood that a proband will have familial
or sporadic schizophrenia, given that a relative of age X is af-
fected, is

[0.17(X - 10)/(50 — 10)] [0.03(X — 10)/(50 — 10)] = 5.7
while if a relative of age X is unaffected, the likelihood ratio is
{1-[0.17(X-10)/(50 = 10)]} ={1—-[0.03(X—10)/(50—10)]}.

The likelihood ratio was calculated for each relative, and an
overall likelihood ratio indicating whether each proband had fa-
milial or sporadic schizophrenia was determined by multiplying
the individual likelihood ratios for all interviewed relatives. Fi-
nally, as the results were highly skewed, the logarithm of the prod-
uct was determined.

Familial eye-tracking dysfunction. A smooth-pursuit eye move-
ment task was completed by 89 first-degree relatives over the
age of 13. The degree of eye-tracking dysfunction was assessed
qualitatively by one of the authors (R.N.), blind to patient iden-
tity, by using a scale of 1 (best) to 5 (worst) with exemplars pre-
sented by Shagass and colleagues (32), and the mean score for
the relatives of each proband was determined. Eye blinks and
periods when the subjects were not tracking were not included
in the assessment. Two of the authors (R.N., G.K.T.) rated a sub-
set of this sample (N=10) with high reliability (intraclass correla-
tion coefficient=0.98).

Proband pre- and perinatal complications. Original birth
records of 36 probands were obtained; the remainder had been
destroyed by the hospitals where the births had occurred. The
available records were assessed without knowledge of patient
identity by two of the authors (J.N.G., D.M.) to determine the
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TABLE 1. Presence of Premorbid Impairments and Risk Factors for Schizophrenia in Patients With Childhood-Onset Schizo-

phrenia

Premorbid Develo;)amental Score for Familial Loading Mean Family Number of

Impairment for Schizophrenia Score for Eye Obstetrical

Patient Sex Language Motor Social Spectrum Disorders? Tracking® Complications®
1 M No Yes Yes -0.11 1.35 0
2 M No Yes No -0.10 2.25 0
3 F No No No 0.66 — 0
4 F Yes No Yes 0.72 4.40 1
5 M No Yes No -0.16 1.80 0
6 M No No No -0.06 2.80 0
7 F Yes No Yes -0.11 — 0
8 M Yes Yes Yes -0.16 1.93 0
9 M Yes Yes Yes 2.19 215 0
10 F No No No -0.14 1.85 —
11 M No Yes Yes -0.06 — —
12 F No No No — — —
13 F Yes No No -0.06 2.40 —
14 M No No No 0.69 133 0
15 F No No No -0.13 2.50 0
16 M Yes Yes Yes -0.12 2.45 1
17 M No Yes No -0.17 2.67 —
18 F Yes No No 0.69 2.95 —
19 M Yes No Yes 0.72 — —
20 M Yes Yes No 1.47 3.27 2
21 F Yes Yes Yes 1.51 — 0
22 F No No Yes —-0.08 2.10 —
23 M Yes Yes Yes 0.70 2.80 1
24 F No Yes Yes -0.13 1.20 —
25 F No Yes No -0.15 3.25 —
26 M Yes Yes Yes 0.68 2.37 0
27 M Yes No No -0.12 3.17 1
28 F Yes Yes Yes 0.66 1.48 0
29 M No No No -0.16 2.37 0
30 F Yes No Yes 0.70 1.80 1
31 M No Yes Yes 0.76 — 0
32 M Yes No Yes -0.12 2.70 0
33 M Yes Yes Yes -0.15 1.90 0
34 F Yes Yes Yes -0.13 2.30 0
35 F Yes Yes Yes 0.62 1.43 1
36 M No Yes Yes -0.07 — 0
37 M No Yes No 0.66 1.70 1
38 F Yes No No 0.62 2.70 0
39 F Yes Yes Yes 0.65 2.33 —
40 F Yes No No 0.72 2.90 0
41 M Yes Yes Yes 0.71 3.35 —
42 F No No No -0.11 2.15 —
43 M No Yes No -0.14 2.30 0
44 M Yes Yes Yes 0.71 — 2
45 M No No No 3.00 213 0
46 M Yes Yes Yes 0.70 — 0
47 M Yes Yes No -0.15 1.85 1
48 M Yes Yes Yes -0.14 2.60 0
49 M No No Yes -0.07 1.60 0

a Determined by using scale of Hollis (20).
b Determined by method of Verdoux et al. (28); see text.

¢ Mean qualitative rating (1=best, 5=worst) of relatives’ performance on a smooth-pursuit eye movement task. Abnormal eye tracking was de-

fined as a mean score of 2.5 or higher.
d As defined by Buka et al. (33).

number of obstetrical complications as defined by Buka and col-
leagues (33). The reliability for the presence of any obstetrical
complication was good (kappa=0.77), and any discrepancies were
resolved by consensus of the raters.

Statistical Analysis

The patients with and without premorbid developmental im-
pairments in each area assessed (speech and language, motor, so-
cial) were compared by using t tests (family eye-tracking score),
Mann-Whitney U tests (for variables with values not distributed
normally: familial loading score, number of obstetrical complica-
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tions), or chi-square tests (for binary variables: gender). A signifi-
cance level of 0.05 (two-tailed) was set for all analyses, which were
performed by using SPSS for Windows, version 9.0.

Results

Premorbid Development

Within this group of 49 patients, 28 (57.1%) had premor-
bid motor impairments, 27 (55.1%) had deviant social de-
velopment, and 27 (55.1%) had premorbid speech and
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TABLE 2. Relation of Premorbid Impairments to Schizophrenia Risk Factors for 49 Patients With Childhood-Onset Schizo-

phrenia
Premorbid Premorbid
Impairment Present  Impairment Absent Analysis
Premorbid Impairment and Risk Factor N Mean SD N Mean SD Test Statistic  df p
Speech and language impairment?
Sex x2=0.3 1 057
Male 15 14
Female 12 8
Score for familial loading for schizophrenia spectrum disorders® 27 0.5 0.6 21 0.2 0.7 U=184.5 0.04
Mean family score for eye tracking® 22 2.5 0.7 17 2.1 0.6 t=2.1 37 0.04
Number of obstetrical complications 22 0.5 0.7 14 0.1 0.3 U=101.0 0.03
Motor impairment?
Sex X2=6.8 1 0.009
Male 21 8
Female 7 13
Score for familial loading for schizophrenia spectrum disorders® 28 0.4 06 20 0.4 0.7 U=248.0 0.50
Mean family score for eye tracking® 22 2.2 06 17 2.5 0.7 t=1.2 37 0.25
Number of obstetrical complicationsd 22 0.4 0.7 14 0.2 0.4 U=135.0 0.43
Social impairment?
Sex x2=0.4 1 0.56
Male 17 12
Female 10 10
Score for familial loading for schizophrenia spectrum disorders® 27 0.4 0.6 21 03 0.8 U=214.5 0.15
Mean family score for eye tracking® 19 2.2 0.8 20 2.4 0.5 t=0.9 37 037
Number of obstetrical complications 21 0.3 06 15 03 0.6 U=155.5 0.94

a Determined by using scale of Hollis (20).
b Determined by method of Verdoux et al. (28); see text.

¢ Mean qualitative rating (1=best, 5=worst) of relatives’ performance on a smooth-pursuit eye movement task. Abnormal eye tracking was

defined as a mean score of 2.5 or higher.
d As defined by Buka et al. (33).

language abnormalities. Among the 27 patients with ab-
normal speech and language development, 10 patients
had premorbid speech impairments while 25 had early
language abnormalities. Consistent with data indicating
that language disorders are associated with a worse out-
come than are speech impairments (34) was our observa-
tion that only two patients had speech impairments in the
absence of other language dysfunction.

Further evidence of the difficulties experienced by these
49 patients years before the onset of their illness was the
rate of delayed school entry or repeated grades (N=24,
49.0%) and the number of patients requiring special edu-
cation (N=15, 30.6%). Table 1 shows the premorbid im-
pairments and the risk factor profile for each patient.

Risk Factors for Schizophrenia

Familial psychopathology. Of the 132 relatives assessed
by diagnostic interview, 29 were diagnosed with a schizo-
phrenia spectrum disorder (15). Using a hierarchical
method to assign diagnoses (35), we found that three had
schizophrenia or schizoaffective disorder, 13 had schizo-
typal personality disorder, and 13 had paranoid personal-
ity disorder.

Familial eye-tracking dysfunction. Of the 89 relatives
who completed the smooth-pursuit eye movement task,
35 (39.3%) had abnormal eye tracking (defined a priori as
a mean score of at least 2.5) (15). There was no significant
difference in the age of the relatives with normal and ab-
normal eye tracking (t=0.7, df=87, p=0.47), and the rela-
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tives with schizophrenia spectrum disorders did not have
poorer eye tracking (t=0.2, df=86, p=0.81).

Proband obstetrical complications. Among the 36 pa-
tients for whom original birth records were available, 10
had obstetrical complications, a rate that did not differ sig-
nificantly from that for sibling comparison subjects (22).

Relation of Premorbid Development
to Risk Factors

As can be seen in Table 2, gender, familial psychopa-
thology, and familial eye-tracking dysfunction showed sig-
nificant relationships with at least some aspect of the
probands’ premorbid development. Patients with premor-
bid speech and language impairments had significantly
greater familial loading for schizophrenia spectrum disor-
ders, higher family eye-tracking scores, and more obstetri-
cal complications (Table 2, top). There was no gender dif-
ference between the patients with and without premorbid
language problems.

Significantly more boys than girls had premorbid motor
abnormalities, but the patients with such motor problems
did not have higher familial loading scores, worse familial
eye tracking, or more obstetrical complications (Table 2,
middle). The patients with premorbid social impairments
did not differ from those without social problems in terms
of gender, familial loading, familial eye tracking, or num-
ber of obstetrical complications (Table 2, bottom).

For the patients with family histories of schizophrenia
spectrum disorders, the rates of familial eye-tracking dys-
function (x2=0.3, df=1, p=0.61) and obstetrical complica-
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tions (x?=2.2, df=1, p=0.14) were not higher than those for
the patients with negative histories, and patients with ob-
stetrical complications did not have higher rates of familial
eye-tracking dysfunction than patients without such com-
plications (x?=0.2, df=1, p=0.63). There was no difference in
the rate of premorbid language impairments between the
patients with and without relatives designated as having
“odd speech” according to the Structured Interview for
DSM-IV Personality Disorders (x?=0.9, df=1, p=0.35).

The male and female patients did not differ in familial
loading score (U=260.5, N=48, p=0.75), family score for eye
tracking (t=0.3, df=37, p=0.78), or number of obstetrical
complications (U=133.5, N=36, p=0.86).

There were significant relationships among the premor-
bid impairments in these probands. The patients with pre-
morbid social dysfunction had a higher rate of early
speech and language (x?=8.7, df=1, p=0.003) and motor
(x?=7.0, df=1, p=0.008) impairments. There was no signifi-
cant difference in the rate of language abnormalities be-
tween the patients with and without motor difficulties
(x?=0.8, df=1, p=0.36).

Discussion

In this cohort of patients with childhood-onset schizo-
phrenia, premorbid developmental impairments were
common and similar in frequency to the rates in other stud-
ies of childhood-onset schizophrenia (17, 18, 20, 21). Com-
parisons with studies of adult-onset schizophrenia are
problematic because of the use of different methods and
the different age of the historical material, but the results
here and elsewhere (16-18, 20, 21) suggest that premorbid
impairments may be more common among patients with
childhood-onset than adult-onset schizophrenia.

Itis important to recognize that these premorbid abnor-
malities are neither sensitive nor specific to schizophre-
nia. Similar impairments are seen in the early histories of
patients who later develop severe mood disorders, al-
though they are more pronounced in children and adoles-
cents who later develop schizophrenia (36). Furthermore,
the vast majority of patients with developmental impair-
ments do not develop schizophrenia in adolescence or
adulthood (34).

Within this group of patients with childhood-onset
schizophrenia, the patients with premorbid speech and
language impairments had greater familial loading for
schizophrenia spectrum disorders, poorer familial
smooth-pursuit eye movement, and more obstetrical
complications, all of which are risk factors for schizophre-
nia (37-39). No significant associations were found in
these patients between the presence of any obstetrical
complications, familial eye-tracking dysfunction, and
schizophrenia spectrum disorders in relatives, suggesting
that in this group, as in others (40, 41), these are indepen-
dent risk factors for schizophrenia. The lack of association
between premorbid speech and language impairments
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and “odd speech” in the home argues against the possibil-
ity that the probands’ premorbid language dysfunction
was due to a poor language environment, although it is
possible that other aspects of familial environment might
be related to the probands’ early impairments.

Given the high rate of developmental speech and lan-
guage disturbances in patients with schizophrenia and the
high rate of the disorder in a study of adults who had had
severe language abnormalities as children (34), premorbid
language impairments may be an early manifestation of
the neurodevelopmental abnormalities underlying
schizophrenia. Moreover, the specific association between
early language dysfunction and risk factors for schizo-
phrenia found in our cohort of patients with a very early
onset suggests that premorbid language impairments and
some causal factors in schizophrenia may be mediated by
aberrant neurodevelopment of the neural structures and
circuits relevant to language.

The rate of obstetrical complications in this group of pa-
tients was not elevated above that for their siblings (22),
and therefore, the high rate of obstetrical complications in
the patients with premorbid language impairments was
unexpected, although others (42) have found a relation-
ship between pre- and perinatal complications and devel-
opmental language disorders.

While the expected higher rate of motor abnormalities
among boys was noted, there was no significant gender
difference in the rate of language or social dysfunction. It
is possible that a lack of the protective factors normally as-
sociated with a lower rate of language disturbances in gitls
(42) may be related to the very early onset of schizophre-
nia for the female patients in this cohort.

The lack of association between premorbid motor im-
pairments and familial loading for schizophrenia spec-
trum disorders was surprising given previous reports (43,
44) of developmental motor abnormalities in children of
schizophrenic mothers. However, in a recent birth cohort
study (11) the degree of familial loading for schizophrenia
was not related to nonacademic performance (athletics
and handicrafts). It may be that other nonspecific devel-
opmental abnormalities or the powerful gender effect on
premorbid motor dysfunction in childhood-onset cases
may outweigh the contribution of genetic factors in devel-
opmental motor dysfunction.

The limitations of this study include the small number
of subjects, which was necessitated by the rarity of child-
hood-onset schizophrenia (23), and the lack of a healthy
comparison group. As this was a study of patients with re-
fractory schizophrenia, an ascertainment bias may also
exist. Although the possibility of a recall bias cannot be ex-
cluded, the use of parental recall only when necessary to
fill in missing information and the use of original case
notes from pediatricians, mental health professionals, and
schools limits this possibility. The assumption used in the
formula for familial loading that the risk for spectrum per-
sonality disorders increases linearly with age may be in-
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correct, although the fact that there was no age difference
in the relatives of the patients with and without premorbid
language impairments suggests that any artifact due to
this assumption is unlikely to be of major importance. As
well, the categorical rather than continuous description of
premorbid impairments excludes, perhaps incorrectly, the
possibility that impairments are distributed evenly
throughout the population rather than existing discretely
in some subjects.

In conclusion, patients with childhood-onset schizo-
phrenia have a high rate of premorbid impairments. The
association between risk factors for schizophrenia and
premorbid speech and language dysfunction suggests that
these risks may be mediated in part by aberrant neurode-
velopment of language-related brain areas.
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